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1 
Introduction
In RAN#53 CoMP study item was closed and it was agreed to start the actual specification work within a CoMP Work item. Also the downlink MIMO enhancement SI is still continuing focusing on the real life issues. The CSI feedback enhancement is one of the most important topics in both the COMP WI and downlink MIMO enhancement SI. In this paper we provide our high level view the CSI feedback design principle for multi-point and single point scenarios. Besides, we also give our consideration for the feedback frameworks. 
2 
Design principles for Rel-11 UE CSI feedback
Whether to have implicit and explicit feedback has been extensively discussed during Rel.10 time frame, and in the end implicit feedback was standardized. The main reason is the testability as it seems highly unclear how to test explicit feedback. Even the definition of explicit feedback, i.e., “Channel as observed by the receiver, without assuming any transmission or receiver processing“ [2][3] , is unclear since receiver processing will always be included when measuring the channel. 
In contrast, implicit feedback defines UE report as a set of recommended transmission parameters e.g. if the UE is configured with transmission mode 4 it will select the rank that optimizes the throughput, suggest MCS for the corresponding codeword(s) and a PMI for precoding the transmission and report all these parameters together in one consistent CSI report.

Implicit feedback represents a fundamental principle for LTE feedback design. The big advantage of this principle is that it is easy to test the UE by applying at the transmitter the parameters suggested by the UE and check that the UE can reach the related throughput.

In the current CoMP WID it is already agreed that CoMP feedback should be designed based on SU transmission hypothesis. This means that this basic feedback principle could be extended also to apply for CoMP feedback design. In the CoMP setting the implicit feedback principle needs to be generalized to include also hypothesis on which transmission point(s) the transmission is coming from as this can vary.

Proposal: CoMP CSI feedback should focus on implicit feedback where UE transmits a CSI report containing a consistent set of recommended transmission parameters with respect to a specific transmission hypothesis.
Another aspect of CoMP is that it may be beneficial for the eNode B to have some flexibility in terms of choosing the exact transmission parameters. For CoMP a simple and important example where eNB relies on having multiple options in selecting transmission parameters is DCS. Here the basic idea behind the CoMP scheme is to select between two different set of transmission parameters reported by the UE, each set referring to a different transmission point.

Proposal: CoMP CSI feedback to consider support for reporting multiple CSI reports based on different transmission hypothesis
In the CoMP WID and the email discussion of DL MIMO enhancement scenarios and assumptions, the following two way forwards for feedback design have been mentioned:

-      Per point feedback: individual per-point CSI feedback with or without complementary inter-point feedback
-
Aggregated feedback: the UE may be configured to aggregate in a single report the CSI from geographically separated points (same or different cell IDs)
CoMP WID has taken per point feedback as the baseline, but aggregated feedback is not precluded. In practice the difference between these two principles is not clear and we suggest that 3GPP focus on identifying concrete proposals for UE feedback enhancements where the overhead and performance benefits can be evaluated. 
3 
CSI feedback for inter-cell CoMP
Rel.10 Carrier Aggregation (CA) framework specified the component carrier as cell, and it defines a per cell feedback mechanism to support MIMO operation on each CC. It has been proposed in [4] to aggregate multiple cells with same frequency as the starting point for standardizing CoMP. In Rel.10, if UE aggregates multiple cells, it can have one feedback configuration for each individual cell. Such mechanism should be the baseline for Rel.11 CoMP. 
Proposal: Per cell feedback framework defined in Rel.10 CA should be the baseline for Rel.11 inter-cell CoMP.

In Rel.10 CA feedback framework, each cell can have its own per cell PMI/CQI/RI feedback structure. Assuming reuse of Rel.10 CA framework for implementing CoMP then both CS/CB,and DCS can be supported within that framework as they only need per-cell CSI feedback from neighbour cells.
Further feedback enhancements related to supporting joint transmission schemes could also be done, but the gain from such schemes under realistic assumptions needs further study, e.g. our earlier paper showed that JT simulation results is sensitive to CSI impairments, [5]. For estimating these gains it’s important to reflect the issues related to CRS collision across cells. Other issues to be considered is realistic RS overheads, realistic feedback overhead, channel estimation error modelling and proper modelling of antenna calibration errors.

The main issue leftover is whether and how to support coherent joint transmission. As also discussed clearly the standardization effort for coherent JT is something additional to that of CS/CB, DCS, and to be more specific: additional cross-cell CSI feedback based on per cell feedback framework. 
Observation: Cross-cell CSI feedback is additional standardization effort based on per cell feedback. 
Proposal: Standardize overall CoMP feedback framework firstly, and take cross-cell/point CSI feedback as 2nd step in CoMP WI. 
4 
CSI feedback for intra-cell CoMP
For intra-cell CoMP scenario, it has been recognized that feedback for joint transmission across geographically separated transmission points is already supported by UE specific CSI-RS configuration in Rel.10, while per point feedback needs some additional standardization effort (e.g. multiple CSI-RS configuration per UE). Per point feedback is needed to support DCS, and as we have shown in [6] DCS is an attractive CoMP scheme so we think support this needs further consideration.
Proposal: For intra-cell CoMP it should be considered to support UE feedback of independent CSI reports for different points in order to support DCS.

One additional issue for intra-cell CoMP is that the reconfiguration of CSI measurements within the cell is not supported by the RRM measurement framework which can be used for inter-cell CoMP. The eNB can of course rely on sounding and other transmissions from the UE to reconfigure CSI measurements and reporting but it should be considered further some sort of simple assistance from the UE could be helpful.
Proposal: Consider the need for UE assistance to reconfigure CSI measurements for intra-cell CoMP.

5 
Conclusion
In this contribution, we give our overall view on CoMP feedback design framework and principles with the following proposals: 
Proposal: CoMP CSI feedback should focus on implicit feedback where UE transmits a CSI report containing a consistent set of recommended transmission parameters with respect to a specific transmission hypothesis.
Proposal: CoMP CSI feedback to consider support for reporting multiple CSI reports based on different transmission hypothesis
Proposal: Per cell feedback framework defined in Rel.10 CA should be the baseline for Rel.11 inter-cell CoMP.

Proposal: Standardize overall CoMP feedback framework firstly, and take cross-cell/point CSI feedback as 2nd step in CoMP WI.
Proposal: For intra-cel CoMP it should be considered to support UE feedback of independent CSI reports for different points in order to support DCS.
Proposal: Consider the need for UE assistance to reconfigure CSI measurements for intra-cell CoMP.
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